This paper derives and estimates an econometric model of labour supply among sole parents in Australia, using modelling techniques which treat the labour supply decision as a utility maximising choice between a given number of discrete states. In estimation, we control for random preference heterogeneity as well as Þxed and search costs. Using our econometric model, we look at the effects of actual and hypothetical welfare policy reforms on the employment choices of sole parents in Australia.
Introduction and Background
The Australian Federal Government's stated commitment to tax reform (Costello (1998) ) has re-ignited the debate on tax and welfare policy (see, inter alia Beer (1998a ), Beer (1998b , Dawkins, Beer, Harding, Johnson, and Scutella (1998) , Ingles (1998) and Keating and Lambert (1998) ). One of the main concerns which informs this debate is the extent to which the tax and social security systems combine to give exceptionally high effective marginal tax rates (EMTR's). Indeed, EMTR's in excess of 100% are not uncommon in the literature (Beer (1998b) and Ingles (1998) ). Implicit in all such studies is the contention that high EMTR's create signiÞcant employment disincentives for low-wage workers and families with children. Nevertheless, it is rare to Þnd studies which seek to quantify the extent of these employment disincentives. In the main, EMTR's are imputed assuming that hours worked do not change (that is, they are marginal). This may well be appropriate for particular demographics, prime-aged married men for example, whose labour market decision is invariably institutionally polarised at either full-time employment or unemployment (for those in the workforce). Other demographic groups, in particular sole parents, potentially enjoy a much more ßexible labour supply choice. To characterise such groups' labour supply options through marginal effective tax rates (or replacement rates, or average tax rates) gives only a partial indication of work disincentives. A detailed microeconometric modelling approach is necessary to provide a fuller understanding of the employment effects of non-linear taxes and social security programs. The Þrst objective of this paper is to analyse the labour market behaviour of sole parents in Australia, taking into account the full budget constraint faced by the individual. The second objective is to use this model to simulate the potential employment effects of a range of (actual and hypothetical) reforms which might affect sole parent households.
The choice of labour supply model for such an analysis must been informed by a number of considerations. Firstly, the model must deal appropriately with non-linear taxes in estimation. For many households (particularly one-parent families), the Australian tax and transfer system impacts quite heavily on the budget constraint. Income taxes, medicare, and various allowances, pensions and family payments combine to generate highly nonlinear and typically non-convex budget constraints. A basic model of the style of Hausman (1985) or Wales and Woodland (1979) is computationally infeasible in these circumstances.
1 Secondly, the model speciÞcation must differentiate effectively among those observed not to work. One can observe at least three classes of non-worker: those who choose not to participate in work; those who are discouraged from seeking employment through Þxed or search costs; and the involuntarily unemployed. Again, there are methods available to control for Þxed costs 2 and unemployed seekers 3 in estimation, but they do not extend naturally to the type of simulation analysis of tax or welfare reform undertaken in this paper. For example, the classical selection-type method to control for Þxed costs in estimation does so without explicitly evaluating the magnitude of the Þxed cost. This is a drawback in simulation, where the Þxed cost plays an important role in predicting the likelihood that a non-participating individual will move into employment in response to a policy reform. Although sole parents may face relatively low EMTR's (Beer (1998b) estimated that approximately 60% of all sole parents in Australia have zero EMTR's), their labour market choices are further complicated by the presence of potentially high Þxed costs of employment (primarily due to childcare costs and other barriers to employment). The econometric approach must be sufficiently ßexible to control effectively for such Þxed costs. These considerations lead us to model the employment choices of sole parents in Australia along the lines suggested by Keane and Moffitt (1997) and Van Soest (1995) , where the hours choice set open to the individual is assumed to be Þnite. Their discrete approach to labour supply estimation has a number of advantages over continuous methods. Firstly, non-linear tax schedules are dealt with straightforwardly in estimation in a manner which does not force unreasonable restrictions on the parameters of the economic model. Secondly, unlike more standard Multinomial discrete choice methods applied in earlier work 4 , the preference model is fully structural and testable against economic theory. Thirdly, the Keane and Moffitt (1997) model may be extended to incorporate more recently developed 1 Indeed, recent labour supply literature has suggested that the structure of the Hausman method biases predicted wage elasticities to a signiÞcant degree. See for example Mroz (1987) or Gourieroux, Laffont, and Montfort (1980) 2 see Cogan (1981) , Heckman (1979) among others. 3 see Blundell, Ham, and Meghir (1987) . 4 See for example Duncan and Giles (1996) . 4 methods by Callan and Van Soest (1996) and Duncan and Giles (1998a) to control effectively for Þxed costs in estimation. Indeed, the method used leads to an explicit imputation of the level of Þxed costs. This is a particularly valuable extension given that the model is to be applied to simulation. Finally, we may feasibly incorporate random preference heterogeneity by applying Simulated Maximum Likelihood methods in estimation. The implementation of these methods of estimation requires detailed knowledge of the budget sets faced by sole parent families in Australia. In our empirical work we use the Melbourne Institute's Tax and Transfer Simulator (MITTS) to provide this information.
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The plan of the paper is as follows. The following Section provides a descriptive analysis of the employment choices among sole parents in Australia, looking in particular at the extent to which the system of taxes and government transfers are likely to inßuence those choices. In Section 3 we describe the basic structural discrete choice model, and how that model may be extended to differentiate among non-working households. Section 4 describes the empirical labour supply estimates, and Section 5 shows how this model may be applied to simulate the potential effects of (both actual and hypothetical) policy reforms on the employment choices among sole parents in Australia. In Section 6 we offer some concluding remarks.
Employment and Incomes among Single Parent Households in Australia
There are a number of elements in the Australian tax and transfer system which may potentially inßuence work incentives among those with low potential returns in the labour market. In common with most other developed countries, the structure of allowances, pensions and family payments in Australia combine to supplement incomes at low levels of earned income, at the cost of introducing high effective marginal tax rates over a potentially broad range of feasible hours choices. It is important to be clear about the likely direction of the employment incentives that such systems generate, and how changes to the tax and transfer system might lead to changes in the incentive to work. It is well known that a change to marginal tax rates has an ambiguous effect on the number of hours worked 5 see Creedy and Duncan (1999) .
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by those currently in work -the income and substitution effects of the change move in opposite directions. However, there has been little attempt to quantify the extent of these effects. Single parent households are an interesting demographic group on which to focus, for a number of reasons. The presence of children in the household, and the fact that the sole parent is in the main the principal carer of those children, generates a tension between the need for income and the need (and desire) for the mother to spend time with her children.
We tend therefore to see relatively ßexible patterns of employment among sole parent households when measured against other comparable demographic groups. Around 45 per cent of the population of sole parents are in some form of paid employment. The fact that this Þgure is low when measured against employment rates over the wider population is an indication of the relative strength of barriers to employment, and potentially the different tastes for work, among sole parents. One also Þnds that those sole parents in employment are more likely to take advantage of part-time employment contracts, and therefore draw from a lower wage offer distribution than do other potential labour market entrants. In consequence, sole parents have become (in proportionate terms) one of the principal client groups for social assistance and family payment programs. They are therefore more likely to be affected by the adverse employment incentives that participation in such welfare programs tend inevitably to generate. The third Þgure below show the distribution of (weekly) hours among working single parent families in Australia, using data drawn from the Income Distribution Surveys (IDS) over the years 1994 to 1997 inclusive. Compared with the corresponding hours distribution of single males and single women, we can see that working sole parents do seem to have relatively ßexible patterns of employment.
There are nevertheless a number of spikes evident in the distribution of hours; these spikes (at 20 hours, and in the range of 38 to 40 hours) are most likely to have been caused by institutional constraints in the wage/hours contract offered to sole parents. Hours distribution: single parents
There are many elements to the Australian tax and transfer system which combine to give highly non-linear EMTR schedules for most low-income or low-wage households. As an example, Figure 3 .2 describes the budget constraint and EMTR schedules for a single parent with two dependent children aged 13, with a gross wage of Aus$20 per hour (in July 1996 prices) and weekly rent of Aus$100. 6 It is interesting to note from Figure   3 .2 that, despite the apparent complexity of the Australian tax and transfer system (the lighter schedule in Figure 3 .2), the overall appearance of the budget schedule is actually quite smooth. There are obviously local variations, but in general the Australian budget schedule (at least for a single parent family of the sort exempliÞed here) is characterised by marginal returns to work which generally diminish up to the point at which transfer payments are exhausted. Using an algorithm introduced by Duncan and Stark (2000) , one can derive average Marginal Effective Tax Rate tax rate and replacement rate schedules over the full range of potential hours choices for a single parent with the characteristics described above. These schedules are shown in Figure 2 .2, and are revealing to the extent that they highlight the potential disincentive effects associated with the Australian tax and transfer system 7 . The average tax rate (ATR) and replacement rate (RR) schedules are relatively smooth, and do not suffer too severely from rapid ßuctuations as hours of work (or equivalently net income) are changed.
For this particular case study, we see that replacement rates move smoothly from around 70% at 10 hours to around 50% at 40 hours.
To get a more general impression of the effects of the tax and transfer system in Australia on employment incentives, we need to move from single case studies to a wider distributional analysis. By evaluating eligibility of a large and representative sample of households to the range of allowance, pension and family payment programs available in Australia, we can move towards a more general understanding of the employment incentives faced by sole parents compared with other demographic groups. In Tables 2.1 and 2.2 we evaluate the distribution of effective marginal tax rates (EMTR's) and replacement rates for a sample of households drawn from the IDS. These statistics were generated by 7 and can, more usefully, compare the potential work incentive effects associated with alternative tax and transfer systems. the Melbourne Institute's Tax and Transfer simulator (MITTS), using the tax and transfer system in place in January 2000. Effective marginal tax rates are evaluated at observed hours. We see a relatively high proportion of sole parent households on a zero EMTR, but these are all non-employed households whose instantaneous rate of withdrawal of social assistance payments is zero. For those in work, we Þnd a broad range of potential EMTR's, some in excess of 100 per cent. In comparison with other groups, sole parent households are more likely to face high EMTR's in excess of 60 per cent. Our ultimate aim in this study is to move towards a full economic model of employment choices for sole parent households which take explicit account of the inßuence of taxes and transfers on the returns to employment. To do so requires that we place some structure on the labour supply decisions of sole parents, and this provides a point of departure for the remainder of the paper.
3. An Economic Model of Labour Supply
Discrete versus Continuous Labour Supply
The traditional approach to the modelling of labour supply maintains that the decision variable, hours of work, is continuous and unconstrained. Individuals are assumed to derive utility from net household income Y (shared between current and future consumption) and leisure L. Let these preferences be represented by
where X represents individual characteristics. Behavioural decisions are constrained to lie within a budget set deÞned in terms of: gross wage rates W ; total household income V from assets and other unearned sources and; the tax system T (H, W, V ; X), where H = T − L for some time endowment T. This budget set takes the form
where T (H, W, V ; X) represents tax payments minus government transfers (assumed to depend on both earned income W.H and unearned income V and household characteristics X) and F C(Z c ), the Þxed cost of employment for a parent with characteristics Z c . For a continuous model of labour supply, the sole parent would maximise (3.1) subject to (3.2) over a continuum of hours. The solution to the following optimisation program
would yield an expression for desired hours H * , with the characteristics of this labour supply function depending both on the form for preferences (3.1) and the precise form of the tax function T (.; .). Although it is relatively straightforward to derive optimal hours functions for a wide range of preference speciÞcations 8 , the fundamental non-linearity of the tax function T (.; .) causes more difficulties both in derivation and estimation.
There have been a number of responses among continuous studies of labour supply behaviour to the problem of dealing with a non-linear tax and transfer system. An early approach, proposed initially by Hall (1973) , simply linearises the budget constraint around observed hours, as if the worker faces a linear budget constraint whose slope (and implicit intercept) is deÞned exclusively by the marginal rate at that hours point. A more recent approach developed initially by Burtless and Hausman (1978) 9 , incorporates a fuller description of the budget constraint (rather than simply the observed marginal tax rate) into the sample likelihood used in estimation. The underlying economic model compares the maximum utility on each linear segment of the budget constraint with the utility to be gained from non-participation in order to determine the most desired supply of labour. A third approach is attributable to Flood and T.MaCurdy (1992) in the context of Sweden. Their technique exploits the progressivity of the Swedish tax system to approximate a piecewise budget constraint by a smooth, continuously differentiable function. However, each of these approaches to continuous estimation in the presence of non-linear taxes are problematic 10 , and attention has increasingly turned towards labour supply models which use a discretised budget set, in which individuals are assumed to optimise over a Þnite set of hours choices.
Quite apart from the problem of coping with non-linearities in the tax schedule, the move from continuous to discrete modes of estimation is motivated by more fundamental empirical reasoning. Observed labour market behaviour takes the form of Þxed wage-hours contracts, with individuals choosing from among a discrete set of hours combinations (most often at part-time levels of around 20 hours, and at full-time levels of between 38 and 40 hours per week). In particular, for prime-aged married men the effective labour supply decision is likely to be a work full-time/don't work one. A greater degree ßexibility is generally afforded to sole parents, but there is evidence nevertheless of some constraints on the hours contracts available to them. A comparison of the hours distribution among working single men , single women and single parents (see the earlier distributional Þgures) supports this general contention, and emphasises in particular the essentially binary nature of the hours choice for single men and single (childless) women, compared with a more ßexible labour supply choices made by (or imposed upon) single parents.
12 To fail to deal with these institutional constraints in estimation can lead to problems of bias in the derived preference parameters. A discrete approach to the estimation of labour supply responses can provide one response to the problem of institutional constraints in employment choices.
The strategy adopted in the discrete approach is to replace the entire budget set with a Þnite number of points thereon, and allow the sole parent to optimise only over those discrete points. The procedure supposes that hours choices can be approximated by the discretised hours level H (.) ∈ {H 1 , H 2 , .., H P } according to the grouping rule
12 Among working single male households, there is a clear clustering of observations at the "usual"
working week of 40-50 hours. For sole parents, there is some clustering around 40-50 hours per week, although we also see a greater dispersion across a wide range of hours.
The data on which these Þgures are based also forms the estimation sample in this study. More detail on the dataset is given later in the paper.
giving P alternative values for H (.) . 13 Family net incomes may then be calculated for the set of discrete hours combinations H (.) as
A Basic Structural Model
In the basic discrete model of labour supply, the sole parent is assumed to maximise the preference function (3.1) over a discretized hours set H (.) ∈ {H 1 , H 2 , .., H P }. That is, their preferred hours choice is assumed to derive from the outcome of an optimisation problem of the form
for some preference speciÞcation U(.), where Y [H (.) ] represents the net income corresponding to each discrete hours alternative H (.) . This approach removes from the optimisation problem many of the complexities of a nonlinear tax schedule, but at the cost of introducing rounding errors in the hours levels used for estimation. The degree of aggregation may therefore have a potentially detrimental effect on the reliability of the parameters estimated under a discrete regime, and ought at the very least to be subjected to sensitivity analysis. The structural discrete method is nevertheless parsimonious in its parameterisation of tastes, and preserves the same preference structure over the whole range of hours. 14 A reduced form alternative to this discrete structural approach would separately parameterise the utility in each labour market state as a function of exogenous characteristics. Multinomial Probit or Logit methods of estimation would typically be employed for such a reduced form model. The drawback with this approach is principally the lack of parsimony in the parameterisation. For k exogenous covariates and P labour market states, one would have to estimate k(P − 1) parameters for a logit and up to (P − 1)[k +(P − 2)/2] parameters for a multinomial probit model with a full covariance structure. And the fact that the model is not obviously consistent with optimising behaviour makes it diffucult to interpret or rationalise the empirical results.
Random disturbances speciÞc to each labour market state are added to utilities in each state
The random terms ε H(.) for H (.) ∈ {H 1 , H 2 , .., H P } are assumed to be independently distributed as a Type I Extreme Value, yielding probabilities of choosing state H (.) = H j which take the form
For the basic structural model, the likelihood contribution corresponding to (3.8) is
where
For the empirical analysis the quadratic direct utility function favoured by Keane and Moffitt (1997) and Duncan and Giles (1998b) is chosen, whereby
This function is tractable, yet permits a wide range of possible behavioural responses. 15 Observed heterogeneity is introduced linearly through parameters β y and β h , such that
for exogenous characteristics X. The characteristics we include in the empirical estimates include dummies for the age of the youngest child, age and education. One can additionally 15 See Stern (1986) for an excellent discussion of the properties of this and other functions.
include random preference terms to the basic speciÞcation. We choose to enter random preference terms through the linear utility parameters 3.9 and 3.10, giving
The stochastic preference terms {v y , v h } are assumed jointly normal. Although now the likelihood function has no analytical closed form, estimation can be undertaken via the method of Simulated Maximum Likelihood. 
Modelling Participation
The participation decision is probably the hardest aspect of the labour supply decision to get right. Yet the work incentive impact at the point of participation is often the most important consideration when assessing the incentive and welfare impact of tax or beneÞt reform proposals; see Heckman (1993) . For example, in the UK, the Family Credit system of in-work support has seen three relatively recent structural reforms, each of which has been designed with the objective of encouraging participation: see Duncan and Giles (1996) . Empirical evidence suggests that the participation elasticity is large relative to conditional hours elasticities, suggesting a low reservation wage for many groups.
To suggest that all those who are observed not to be in paid employment do so through choice is unsustainable 17 . There are many reasons why one might observe individuals out of the labour market. Some individuals would prefer to be in employment, and are seeking work, but remain involuntarily unemployed on the basis either of their own human capital characteristics, or in the face of prevailing labour market conditions. Other potential participants are discouraged from seeking work as a result of search costs, or Þxed costs of employment (principally the costs associated with the care of pre-school children should they return to work). These affect the likelihood that a potential worker moves into paid employment, and can be controlled for in estimation. Blundell, Ham, and Meghir (1987) differentiate those who are unemployed but seeking work and those who are self-reported non-participants, and Cogan (1981) describes a method to control directly for Þxed costs in estimation.
unobserved wage rates
In a typical sample survey of data on individual employment choices, it is typical not to observe wage rates among non-workers. This poses a problem when simulating behavioural responses, since the budget constraint over which a non-employed single parent is supposed to optimise will clearly depend on the hourly wage rate that she would command were she to enter paid employment. One common solution to this problem is to estimate the expected market wage rate received by individuals with a given set of observed characteristics. This conditional wage expectation may be used in place of missing data for non-workers when estimating econometric models of labour supply. 
modelling non-participation
Some sources of microdata identify the main reason why an individual is not in paid employment. Some people report that they are looking for work, some report that they want to work but are not looking (including those who cite the need to care for children as a reason for not looking), and some report that they do not want to work. This information can be used to differentiate individuals in estimation and simulation. Keane (1995) factors exogenous child-related and Þxed costs of work into his estimation procedure, by netting from the household net income of working families a state-speciÞc average Þxed cost. Callan and Van Soest (1996) introduce a method by which Þxed costs may directly be 18 We estimate wage rates for the single parents in our sample using wage functions reported in Creedy, Duncan, Harris, and Scutella (2001) . An alternative approach by Blundell, Duncan, McCrae, and Meghir (2000) integrates the model likelihood for non-workers over the range of a pre-estimated wage distribution.
The practical implementation of this approach requires quadrature techniques whereby the potential net incomes of nonworkers are derived for a set of wage rates drawn from the pre-estimated conditional wage distribution. The likelihood is formed by averaging over this set of wage rates for each individual. The approach makes it possible to estimate the correlation of wages and the unobserved heterogeneity in individual utilities, but is computationally intensive.
imputed in estimation. By attributing to those who want to work but do not look for work an unobserved shadow Þxed cost, and parameterising this cost in terms of observable characteristics and a random element, they were able to estimate a 'shadow Þxed cost' equation. This equation was used in microsimulation to eliminate the reservation wage condition most commonly applied as an explanation of non-participation. The advantage of the Callan-Van Soest approach is that the Þxed cost imputation can be factored directly into either continuous or discrete behavioural microsimulation.
Duncan and Giles (1998b) implement the Callan-Van Soest method in an application to UK data. They analyse the potential labour market impact of the Working Families Tax Credit (WFTC) as a replacement for the UK Family Credit system of in-work beneÞt, concentrating on the likely effect on single parent families. They found that the imputation of Þxed costs reduced signiÞcantly the inertia in discrete microsimulation that is typically found at the point of non-participation.
There are numerous observationally equivalent reasons as to why individuals may be observed to be not working. They may be: involuntary unemployed; not in the labour force or; a discourage worker.
19 It is preferable to accommodate all of these states in model estimation. The data source we use in this study (the Income Distribution Survey) only enables us to identify three labour force states: employed; unemployed and; not in the labour force.
introducing Þxed costs in estimation
In continuous studies, Þxed costs of work are typically accommodated by modelling the participation and hours decisions separately using the selection-type models of Heckman (1979) (see Blundell, Duncan, and Meghir (1998) inter alia). SpeciÞcally, by including in the model of participation instruments which are thought to be correlated with Þxed costs, one may control for the effects of Þxed costs in estimation. This method is less appropriate when the model is to be extended to simulate the impact of tax or beneÞt reform on participation. Firstly, the statistical model of participation is typically unaffected by changes in tax parameters. And secondly, Þxed costs of work are generally neither measured nor explicitly predicted. Hence, one cannot factor such costs into a comparison 19 One could also consider a worker not working due to illness, although that is not considered here.
of utility in and out of the labour market. In consequence, many microsimulation studies report a relative inertia in the propensity to move into work in response to tax or transfer reforms which ought in principle to improve work incentives.
In this study, we choose to follow Callan and Van Soest (1996) in which Þxed costs are imputed directly. We exploit observed differences in labour market status among women who are largely homogeneous in the characteristics thought to inßuence tastes for work. By relating those observed differences to instruments which proxy Þxed costs, any systematic relationships are picked up in the parameters of a "shadow" Þxed cost equation of the form 13) where the unobserved Þxed cost component v f is distributed normally around zero mean, and X F C are instruments which should be chosen to capture potential variations in Þxed costs. The stochastic term v f may be correlated with the random preference parameters ε Y and ε H . Fixed costs are easily incorporated into estimation. As they only impact on workers, the utilities U (T − H, Y H ; X) entering the likelihood function of (3.7) now become U(T − H, Y H − F C; X) for all states H j > 0. To observe a working single parent in the presence of Þxed costs therefore requires that
(3.14)
4. Empirical Results
The Data
The data used in this analysis is a pooled series of four Income Distribution Surveys (IDS's), made available through the Australian Bureau of Statistics, over the years 1994-95 to 1997-98. The survey collects information on the sources and amounts of income received by persons resident in private dwellings throughout Australia. It provides fairly explicit information on the characteristics of income units and persons surveyed, for example, information on individual, family and household incomes, labour market attachment, as well as standard personal demographics. The survey is continuous throughout the Þnancial year, with around 650 households interviewed each month. We exclude self-employed and retired households from the estimation sample, along with any extreme outliers, missing values etc. This leaves a working sample of 2,063 sole parent households. To generate net incomes we the Melbourne Institute Tax and Transfer Simulator (MITTS). MITTS a micro-simulation model of the Australian tax and beneÞt system that calculates tax and medicare liabilities, allowance and pension entitlements and family payments for the four IDS years 1994 to 1997. The Þnancial returns for each working age individual to employment at all possible hours are calculated using gross and net incomes at these levels. For the waged their current wage was assumed to remain unchanged, and for the unwaged, wages were imputed based on their personal characteristics. The use of MITTS allows us to generate highly accurate Þnancial budget constraints for each individual in the sample.
Model Estimates
A range of estimates for the labour supply behaviour of sole parent households are report in Table 4 The speciÞcations are considered sequentially: the Þrst model (1) is a simple speciÞ-cation in which we estimate a utility function with constant parameters (i.e. parameters which do not vary with observed characteristics). In the second model (2) we allow for observed heterogeneity to enter the linear and quadratic terms of the basic utility function parameters; in model (3) we add to the second speciÞcation a constant Þxed cost term. The instruments chosen to account for variation in tastes for work include dummies for the age of the youngest child (0-2, 3-4 and 5-9) only for the quadratic terms and; additionally for the linear terms: the total number of children; whether the individual was aged 40 or over and; whether they possessed any post-compulsory educational qualiÞcations.
In Table 4 .2 the speciÞcation is further augmented to allow Þrstly for Þxed costs to vary with a series of observed characteristics. The Þfth speciÞcation (model 5) incorporates independent random preference heterogeneity, whereas model 6 allows for correlation among the random preference terms. The instruments chosen to allow for variation in Þxed costs include a dummy for residing in a capital city, the number of pre-and school-aged children and a dummy for residing in New South Wales.
The speciÞcations are considered sequentially: the Þrst model (1) is a simple speciÞca-tion, in which the utility function is estimated with constant parameters (i.e., parameters which do not vary with observed characteristics). In the second model (2) we allow for observed heterogeneity to enter the linear and quadratic terms of the basic utility function parameters; in model (3) we add to the second speciÞcation a constant Þxed cost term. The instruments chosen to account for variation in tastes for work include dummies for the age of the youngest child (0-2, 3-4 and 5-9) only for the quadratic terms and; additionally for the linear terms: the total number of children; whether the individual was aged 40 or over and; whether they possessed any post-compulsory educational qualiÞcations.
For the simpler speciÞcations, a formal Likelihood Ratio testing criterion clearly suggests the superiority of the more ßexible functional form of model (2) over model (1) and also model (3) over model (2). This is despite the fact that the preferences parameters of this speciÞcation appear to have been estimated with less precision individually than for either model (1) or (2).
In the simplest speciÞcation, the coefficients on both the linear income and hours terms, and their squares, suggest increasing and diminishing marginal utility of income, and decreasing and diminishing marginal utility for hours worked, as expected. Introducing (2) vs (1) 296 (df = 18) (3) vs (2) 608 (df = 1) * * and * signiÞcant at 5 and 10% size, respectively (two-sided). Likelihood Ratio Test, χ 2 df (4) vs (3) 20 (df = 4) (5) vs (4) 25 (df = 3) (6) vs (5) 12 (df = 3) * * and * signiÞcant at 5 and 10% size, respectively (two-sided). observed heterogeneity (model 2), suggests that the marginal disutility of hours worked is greatest when the youngest child is very young (0-2), and lessens as the youngest child ages. The total number of children again increases the marginal disutility of work, although those single parents over 40 years of age are less averse to the number of hours worked. In terms of the parameters on squared hours, only the youngest child being 0-2 years of age, appears to exert any affect. With regard to income, the reference group, with youngest child over 10 years of age, appear to exhibit the strongest marginal utility of income, and the number of children rises, so this marginal utility of income falls. Age appears uninßuential, whereas the more highly educated have a higher marginal utility of income.
Both the presence of the youngest child being 0-2 and 5-9, have a positive effect on the square of the income term.
When Þxed costs are introduced, this appears to absorb the effect of previously signiÞ-cant variables. Of the signiÞcant variables, their affects appear to be consistent with those obtained from model (2). The model predicts an average (shadow) Þxed costs of around $290pw.
The introduction of variable Þxed costs in model 4 (Table 4 .2), again appears to be an improvement on the basis of the Likelihood Ratio criterion. Average (shadow) Þxed costs are now estimated to be around $220pw, as opposed to around $280. It also suggests that there is a signiÞcant increase in Þxed costs arising from living in N.S.W. (although interestingly, the effect of the number of children on Þxed costs appears to be imprecisely estimated).
The addition of random preference heterogeneity terms (model 5) appears further to improve the speciÞcation of the model. We Þnd some improvement in the overall Þt of the model, and in the precision of the preference parameters. Finally, when fully unrestricted random preference heterogeneity is included, the model Þt and precision of the preference parameters improves further. Average (shadow) Þxed costs are now estimated to be around $230pw, and signiÞcantly higher in New South Wales. Those sole parents with younger youngest children, have a greater marginal disutilty of hours worked, as do the less formally educated. On the other hand, those with younger children tend to have a higher marginal utility of income, as would be expected. Older sole parents tend to exhibit a smaller marginal utility of income. In terms of the squared preference terms, those on hours squared remain imprecisely estimated, whilst only the youngest child being aged 0-2 has an effect on the squared hours term. Overall, however, there is little difference between the preference parameters of the most general speciÞcation (model 6) and the model with variable Þxed costs but no random preference heterogeneity (model 4).
Some Model Evaluations
Given the complexities of the model speciÞcations involved, it is not obvious how one might evaluate and interpret the above results. One attractive option is to consider how well the model predicts the distribution of hours choices, compared with the observed hours distribution. To do this, we use the parameters of each model in our series (1) to (5) to predict the probability of an individual being in a particular state. One simple approach is to allocate each individual to that outcome which yields the maximum probability. Comparing these predictions with the actual states yields the so-called "Hit and Miss" tables which are familiar in more standard discrete choice models. However, if standard techniques are used to do this (i.e., those based on the maximum probability rule stated above), such discrete choice models generally tend to heavily over-predict the empirically most frequently chosen outcome. This result stems from the fact that the random elements of the model are explicitly ignored in its subsequent evaluation.
An alternative method of evaluating such models, is to utilise the underlying economic model (in this instance, equation (3.5)) and to simulate it by repeated draws of the unobserved random variates. That is, it is necessary to draw from a Type I Extreme Value distribution. For each random draw, the probabilistic expressions are evaluated and the outcome which yields the maximum probability, is the one predicted for that repetition. Each separate hit and miss table is collected, and the simulated hit and miss table is simply the average of all of these independent ones. The results of this are presented in Table 4 .3 for all of the model speciÞcations. (4) (5) (6) H ≤ 2.5 58.3 39.9 41.9 53.6 53.5 55.1 59.0 2.5 < H ≤ 7.5 3.0 17.6 15.6 3.3 3.3 1.8 1.9 7.5 < H ≤ 12.5 3.3 8.5 7.8 3.8 3.8 2.9 2.9 12.5 < H ≤ 17.5 2.9 4.7 4. % Correctly Predicted 26.9 30.2 37.9 38.1 39.5 42.0
As Table 4 .3 illustrates, the models which allow for varying Þxed costs (models 4 to 6), clearly predict better than those which do not (1 to 3). The main reason for this is that if one ignores the Þxed costs of employment, one is likely severely to underestimate the probability of working zero hours and overestimate the probability of working few hours. One can see this from the marked reduction in the probability of working fewer than 12 hours once Þxed costs are introduced into the speciÞcation. As indicated by the Likelihood ratio tests, the performance of models 4 to 6 is very close, both being marginally more accurate than model 3 which assumes constant Þxed costs.
To evaluate the economic coherence of our estimated model of preferences, we impute predicted indifference curves maps from the model estimates for a range of demographics. This is undertaken in Figures 4.4 and 4.5. The different demographics reveal variations in the amount of curvature in the corresponding indifference maps, but all are consistent with economic theory, increasing with hours of work and generally being concave over the feasible range of hours and income levels.
For both qualiÞed and unqualiÞed single parents with a single child, the indifference curve surfaces are at their steepest when the child is between 3 and 4 years of age. This implies that the parent's wage elasticities are at their lowest when their only child is at this age.
Simulating Employment Responses to Policy Reform
The model of preferences estimated in the previous section may be used to simulate the potential impact of tax or welfare policy reform on participation and hours choices among sole parent households. The principal which underpins this microsimulation approach is relatively straightforward and attractive; the practical implementation less so. The basic idea in behavioural microsimulation is to bring the estimated preference function for sole parent households (which varies by observed demographic characteristics) together with a detailed description of the net incomes which would be enjoyed at each possible hours alternative. By doing so, we arrive at an optimal employment choice under some benchmark tax system. We then introduce a new tax system following some policy reform. This alters the budget constraint, and therefore potentially alters the optimal choice of hours following the policy reform. By comparing the simulated employment optima for a For a discrete choice model of labour market status of the form described in (3.6) there is inevitably less accuracy both in the budget constraint information brought to bear in estimation and in the microsimulated hours responses to tax policy reform. SpeciÞcally, hours responses are limited in accuracy to the number of discrete hours bands into which the simulation sample is divided, and to the nominal value for hours of work allocated to observations falling within each band. Whilst this may be entirely appropriate for certain demographic groups (for example, married male workers) and certain tax reforms, it is by no means a universally acceptable feature. We know, for example, that the labour market decisions of sole parent households are relatively marginal or ßexible, reßecting the high value such households place on non-work time.
The methods by which discrete models of labour market status are applied to discrete microsimulation are to a degree under-developed. One approach is to restrict attention to aggregated groups in the simulation sample and to summarise probabilities of occupation of each discrete state before and after some policy reform. This tends to conceal the impact of reform at the individual level, making it difficult to assess how the behaviourally-adjusted cost of the reform might be judged, and what might be the impact of a reform targeted either at a speciÞc demographic group or over a speciÞc range of hours. 21 If one requires simulated responses at the level of the individual, on the other hand, it is not immediately obvious which is the most appropriate strategy to adopt. A better strategy is to respect the probabilistic form of the discrete model by basing the behavioural simulation directly on predicted probabilities of transition from one labour market state to another. These transitions probabilities are hard to derive analytically for discrete models with more than three labour market states. For our application, we choose to apply re-sampling methods to generate probabilistic estimates of employment transitions. We do so by 1. drawing repeated realisations of the stochastic elements of the discrete choice model 21 One might think, for example, of a reform to in-work support along the lines of the US EITC (see Sholz (1996) ) or the new WFTC in the UK (see HM Treasury (1998)).
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(which requires a series of draws from Type I Extreme Value and Multivariate Normal Distributions for, respectively, state speciÞc errors and random taste parameters);
2. applying the so-called 'maximum probability' rule to allocate each individual to the most probable state following each random draw; and 3. averaging these re-sampled transitions frequencies to arrive at simulated transitions probabilities.
employment effects of policy reform: some speciÞc examples
To illustrate how our model can be applied to simulate the potential employment impact of tax or welfare reform in Australia, we consider the employment response of sole parent households to a range of policy reforms to the January 2000 tax system in Australia. Some reforms have actually taken place; others are entirely hypothetical, and are chosen merely to illustrate the potential of behavioural microsimulation to inform the policy debate. Four reforms in particular are considered;
• Reform 1: reduce the Single Parent Pension withdrawal taper from 50% to 40%;
• Reform 2: reduce the withdrawal tapers for Family Payment from 50% to 30% (for the Basic payment) and from 100% to 30% (for higher payments);
• Reform 3: abolish the Single Parent tax rebate;
• Reform 4: increase the standard rate of income tax from 20% to 30%.
Tables 5.1 and 5.2 evaluate the impact of these reforms in terms of employment responses, and Table 5 .3 indicates the extent to which these hours responses act to modify the anticipated cost to the government of the policy reform (note that two columns are presented: static evaluates the results without taking into account behavioural responses, whereas adj. does take these into account). This reform was implemented in July 2000, and has the effect of increasing incomes from the Single Parent Pension for those working mothers who were either on partial Single Parent Pension (SPP), or worked to a point which just disqualiÞed them from receiving any SPP. The reform makes part-time employment relatively more attractive, and has the potential to induce employment responses which might alter the expected costs to the government. Table 5 .1 summarises the simulated employment responses among the sample of sole parent households. We take the January 2000 tax and transfer system as our benchmark, and so uprate all data to January 2000 prices. Following the reduction in the SPP withdrawal taper, we simulate a set of transitions probabilities from one hours level to another using the methods described in the previous section. On average, the SPP reform was found to increase the participation rate of single parent households by around 2.5 per cent. The model simulates some movement in hours among working single parents, principally among full-time employees who might take advantage of the increased generosity of SPP at part-time hours levels by reducing their labour supply (see Table 5 .1, panel 1). Interestingly, these behavioural responses act to reduce the net cost of the SPP reform to the government, at least in respect of sole parent households. Since more sole parents are modelled to work following the reform, income tax revenues increase while allowance and This reform to the structure of Family Payments (with a reduction from 50% to 30% in the taper for Basic Family Payment, and a reduction from 100% to 30% in the taper for higher Family Payments) was implemented in July 2000. Again, we Þnd there to be a positive employment response to this reform, although the effects are more modest than for the Þrst reform discussed earlier. Nevertheless, the estimated net cost to the government is again halved once behavioural responses are taken into account.
Reform 3: abolish the Single Parent tax rebate
The Single Parent tax rate, an additional concession in the tax liabilities among working sole parent households, was set at $1,243 per annum in January 2000. As an illustration of the potentially adverse consequences of tax reform on employment incentives, we simulate the behavioural impact of an abolition of the tax rebate on sole parent families. This will penalise sole parent taxpayers by up to $23.30 per week, and is likely to have negative employment consequences. The model simulates around 4 per cent of sole parents to move out of the labour market following the abolition. In cost terms, a reform which looked to have generated a net saving for the government (over 4 per cent in net costs in respect of sole parent households) in the absence of any behavioural responses, was found in fact to increase costs once employment responses were taken into account. An inspection of the third columns in Table 5 .3 reveals that revenues from income taxation and medicare fall as sole parents withdraw from the labour market, whereas allowance and pension costs increase for those sole parents whose entitlements increase following their reduction in labour market attachment. This is a revealing demonstration of the need to take explicit account of employment responses for a full assessment of the costs of tax and transfer reform.
5.1.4. Reform 4: increase the basic rate of income taxation from 20% to 30%
Next we consider a purely hypothetical reform, used for illustration purposes only. As with the previous reform, we Þnd a considerable employment response to an increase in income taxation, with three per cent of single parent households moving out of the labour market. Costs are of course affected; what looked initially like a revenue earner actually turns out to cost the government money once behavioural responses have fully been accounted for.
Conclusions
In this paper, we model the labour supply of sole parents as the outcome of a discrete choice among a Þnite set of hours alternatives. Our estimation strategy controls both for random preference heterogeneity and for Þxed costs. A direct quadratic utility function was employed for the individual's preferences. Non-linear tax schedules were handled by the use of the MITTS model to generate net incomes over the required hours spectrum. In the absence of controls for Þxed costs, the model was found to under-estimate the probability that sole parents would work no hours. All models were found to be consistent with economic theory, and the implied indifference maps were found to conform to the expected pattern, at least over the feasible set of hours and income choices. The model was used to simulate the likely behavioural responses to the introduction of a range of actual and hypothetical policy reforms in Australia. The simulated employment responses to actual policy reforms introduced recently in Australia are small but positive for sole parent households. Results also suggest that static microsimulation models which do not allow for behavioural responses can lead to non-negligible biases in the Þnancial costs to the government of tax and transfer reforms.
Parenting Payment
The major beneÞt payable to sole parents is the Parenting Payment (PP). Current rates are up to $357.30 per fortnight (for sole parents). Up to $124 (with one child) can be earned without incurring any loss of beneÞt (which increases by $24 for each additional child). Income over this amount reduces the rate of pension payable by 50 cents in the dollar, up to maximum amount of $849.40 (plus $24 for each additional child).
Family Allowance
The per child allowances are the Family Allowance (FA) ones. These allowances (per fortnight) are $96.40 and $125.40 for each child aged 0-12 and 13-15, respectively. $7.70 is additionally paid for each 4th and subsequent child. Each student aged 16-18 earns the minimum rate per child of $23.50. Income testing is not applied to those in receipt of any DSS pension, beneÞt or allowance (for example, PP). Otherwise the income test is as per Income in excess of that to obtain maximum FA reduces its annual rate by 50 cents in the dollar until the minimum rate has been reached. These income cut-out points also vary by age of dependent child as indicated in Table 7 .2.
Income Taxation
Australian income tax is relatively straightforward, being progressive with currently Þve marginal rates. The 1997-8 tax schedules are reported in Table 7 .3 below. 
